This study's objectives were to determine factors influencing smallholder farmers' adoption of a stall-feeding management system for improved dairy cattle in semiarid Tanzania and other related technology packages. Heckman's two-stage procedure was used to determine factors influencing participation in the project and the adoption of recommended management practices. Stall-feeding technology is particularly attractive to those households with fewer resources particularly those that are female headed. Wealthier farmers, as measured by area of land cultivated, are less likely to adopt the stall-feeding technology. Household labour is found to be important in determining the degree to which the technology and associated management practices were adopted. Age of the household head has a positive impact on the size of the intensive feed gardens. Different measures of extension-related contact are significant in influencing the potential for adopting stall-fed technology, the number of stall-fed cattle kept, the probability of growing water melons, and the size of intensive feed gardens. The implications are that research and extension messages with reference to the stall-feeding management system need to be targeted to specific types of households (e.g., female farmers, those with children to provide labor, and limited resource farms). This supports the notion that technology development and dissemination need to be sensitive not only to the characteristics of the biophysical environment but also to the socioeconomic environment, which is often neglected. The study also demonstrates that in the poorer parts of the world where land is very limited, a strategy for improving ecological sustainability can be linked closely to one for increasing agricultural productivity. © 1997 Elsevier Science B.V.
Introduction
Central Tanzania comprises the Dodoma and Singida administrative regions, which are semiarid and situated in a zone of livestock/sorghum-millet farming systems. The growth of human and livestock populations and factors such as rainfall patterns, soil characteristics, and undulating topography, coupled with man-induced factors such as wild bush fires,
The project was concentrated initially in the Dodoma Region Soil Conservation Project (HADO). The HADO project was initiated in 1972 with major objectives of boosting crop yields and livestock production, while also conserving soil. The project was concerned initially with arresting the accelerating soil erosion and land degradation caused by human and livestock population pressure on land. The plan was to achieve this through physical and mechanical measures for soil conservation and tree planting.
A review of the project in 1978 showed that the physical and mechanical conservation measures were unsatisfactory because they were slow and costly, and soils were not fertile enough to allow rapid regeneration of vegetation. A decision was made in 1979 to close the most severely eroded areas to all ruminants to reduce the pressure on land. This area included the Irangi Highlands (1256 km 2 ), commonly called the Kondoa Eroded Area (KEA); Mvumi (713 km 2 ), a division in the Dodoma District; and some villages in Mpwapwa District. Animals were moved from these areas to others where livestock density was relatively low. A total of 46,370 cattle, 10,666 sheep, and 28,840 goats were removed from KEA, and 30,991 cattle, 8352 sheep, and 25,042 goats were removed from the Mvumi district (Anonymous, 1987) . Boundaries were set by the government, and no ruminant was allowed to enter and graze or pass through the HADO-designated areas.
Diagnostic and follow-up surveys conducted in Berege village, KEA, and some villages in Mvumi Division under the HADO project (SAREC / HADO Project, 1988 -1989 indicated that human nutritional problems resulted after livestock removal from these areas. This was due mainly to milk deprivation, especially for mothers and children. Crop yield also declined because of lack of manure. Also, poverty increased with the removal of animals, which were the major sources of income. Reintroduction of livestock in the HADO-designated areas was suggested as a way to address this problem.
Taking into account the problems facing the livestock subsector identified during the diagnostic surveys, the basic technical components suggested were: introduction of improved cattle under the stall-feeding management system for high milk production, establishment of pastures and fodder trees under intensive feed gardens for forage production, efficient use of crop residues and utilisation of locally available non-conventional feed resources for dryseason feeding, effective routine disease control measures, good husbandry management practices, and the use of animal power for cultivation and transportation. It was also recommended that farmers continue the traditional practice of growing wild bitter water melon (Citrullus vulgaris) as a water substitute and protein supplement.
This study was designed to determine the factors that influence farmers' (farm households') participation in raising improved dairy cattle, use of the stall-feeding management system, and adoption of associated improved management practices. Feder et al. (1985) define adoption as the degree to which a new technology is used in long-run equilibrium when farmers have complete information about the technology and its potential. Therefore, adoption at the farm level indicate farmers' decisions to use a new technology in the production process. On the other hand, aggregate adoption is defined as the process of diffusion of a new technology within the region.
Conceptualisation of adoption
Adoption at the farm level often is quantified using a binary variable (adoption of cattle stall-feeding= 1, non-adoption= 0). In the case of a divisible technology, a continuous variable describing the intensity of adoption (e.g., hectares devoted to a new technology or number of livestock under a new treatment) or extent of adoption (e.g., share of land or percentage of the livestock herd devoted to a new technology) often are used. Yaron et al. (1992) suggest other variables, including when the technology was first used by the farmer, how well the technology was adopted, the number of technical components from the recommended package adopted, and an index of innovativeness that aggregates the characteristics mentioned above.
Factors influencing adoption of new agricultural innovations sometimes are divided into three major categories: farm and farmers' associated attributes; technology attributes (Adesina and Zinnah, 1992; Misra et al., 1993) ; and the farming objective. In the first category, factors include human capital represented by the level of education of the farmer (Whar-ton, 1963; Huffman, 1977; Rahm and Huffman, 1984) ; risk and risk management strategies (Feder, 1980; Saha et al., 1994) ; the institutional support system, such as marketing facilities, research and extension services, transportation (Feder, 1980) ; availability of production factors; factor endowment, such as farm size, number of livestock owned (Feder et al., 1985; Rahm and Huffman, 1984) , and the level of off-farm income and income sources (Vankateswar and Fideis, 1988; Yaron et al., 1992; Heisey and Mwangi, 1993; Kimhi, 1994) .
The second and third categories discussed above depend on the type of technology and are important when farmers have access to different types of technical innovation (e.g., different types of crop varieties) with differences in production characteristics and performance or when dealing with heterogeneous farmers with different farming objectives (e.g., small and larger farmers, subsistence versus marketoriented farmers). Therefore, the influence of each exogenous variable on adoption responses is unique and specific to the study area. These characteristics make adoption studies site-specific and often incomparable.
Empirical model development
Assuming that farmers participating in stall feeding have objectives other than profit maximisation, their choice to participate can be based on the random utility maximisation model as developed by McFadden (1981) . We follow the implementation of the random utility maximisation model used by Misra et al. (1993) and Adesina and Zinnah (1992) . This results in the estimation of the following model:
where ~ is the probability of the adoption of some of the technical components contained in a recommended package in a zero one situation, and h is a threshold level that can take a value of zero. Alternatively, Y; could be a censored variable representing the intensity of adoption of a particular technical package. The commonly used method to estimate asymptotically efficient parameters for the f3 vector that maximises the log-likelihood function is either the probit (zero one) or tobit (censored) model (Feder et al., 1985; Shapiro, 1990) .
However, most development projects recommend technical innovations in the form of a package. The choice to adopt one component entails adoption of some other basic management practices that complement each other. In such cases, two or more adoption equations are estimated, and the error term of these equations may be correlated. That is, correlation may exist along unobserved personal and farm attributes and across equations. In order to exploit all available information and to provide the most efficient estimator possible, the equations are estimated jointly to correct for correlation among the equation's error terms (Kimhi, 1994; Yaron et al., 1992) . Saha et al. (1994) and Smale et al. (1994) suggest the use of sample selection or Heckman's two-stage procedures which use non-random subsample respondents. In this framework, the individual's adoption intensity is conditional on the decision to adopt another technology and information as they learn by doing. Heckman's two-stage procedure is specified by:
Var( e 1 ) = 1
Corr( e 1 , e 2 ) = p
where Y 2 ; in the second equation is observed when Y 1 i is equal to one. Therefore, the second-stage equation utilises the subsample of farmers that use the stall-feeding system. The second-stage equation in our study is an OLS equation to model the number of improved cattle which are stall-fed. The secondstage equation is also reestimated where Y 2 ; is the adoption of and the size of an intensive feed garden. The intensive feed garden is a censored variable and will be estimated using tobit. The number of stall-fed cattle could be modelled using a standard to bit model. However, the intensive feed garden is a nonlinear model. Hall (1994) notes that the sample selection procedure that attempts to solve the two equations simultaneously does not guarantee convergence, es-pecially when the system of equations has the same matrix formulation or when the second-stage equation is nonlinear. For those cases, Heckman's twostage procedure is suggested, which allows for a probit equation to be estimated using information from the whole sample (participants and nonparticipants) and the inverse mills (@MILLS) ratio computed from fitted values. In the second stage, equations are estimated with the calculated inverse mills ratio function from the probit residuals as an exogenous variable. This procedure not only guarantees convergence, but the inverse mills ratio is a proxy for omitted nonlinear functions of the right-hand side variables. When the second-stage equation is linear, the estimated standard errors of the coefficients are not consistent estimates (Greene, 1993, p. 709 ). This problem is avoided by computing heteroskedasticconsistent standard errors (Hall, 1994) .
Models estimated
Adoption and intensity of adoption are the endogenous variables in the empirical models. Farmers' and farm-specific characteristics are the exogenous variables. Farmers in the study area have limited choices on how to manage improved cattle and are assumed to be relatively homogeneous across clusters. Factors influencing both participation and adoption of the management practices are analysed at the farm household level.
Four models are estimated using the endogenous variables defined in Table 1 . Two models estimated the probabilities of adopting cattle stall-feeding (which is reserved for improved cattle) and growing bitter water melon for cattle feeding. Two secondstage models measure the intensity of adoption: the number of livestock units owned by the farmer under the stall-feeding management system and acres of Table I Definition of exogenous variables used in the regression models Endogenous variable Probability of adoption of cattle stall feeding Probability of growing bitter water melon for cattle feeding Improved cattle under stall-feeding management system correlated with the adoption of cattle stall feeding Intensive-feed gardens (censored variable at zero) correlated with the adoption of cattle stall feeding intensive feed garden owned by the farmer. Heckman's two-stage procedure was used to estimate both adoption and intensity of adoption. Probit models were used to estimate the equations reflecting the probabilities of adopting the stall-feeding technology and growing bitter water melon. The inverse mills ratio function for estimation of the probability of adopting stall-feeding was computed and used as a regressor for the models involving the number of cattle under stall-feeding and the size of the intensive feed gardens. Only those farmers who use the stallfeeding technology have observations on the number of cattle under stall feeding and the size of the intensive feed garden. The second-stage models are conditional on the adoption of the stall-fed technology and include the inverse mills ratio calculated from the probit model explaining the adoption of the stall-feeding technology. Exogenous variables used to explain adoption, together with the rationale for their inclusion, are in Table 2 The variables can be placed in three groups, namely those relating to the characteristics of the household head, those reflecting the resources available to the household, and those that are determined externally.
The models involving the probabilities of adopting the stall-feeding technology and growing bitter water melon use all the sample households (i.e., 234), whereas the models involving the number of cattle under stall feeding and the size of the intensive feed gardens use the subsample of farmers utilising the cattle stall-feeding technology (i.e., 78). The farmers' decision to participate in the project and number of cattle to keep under such a system andjor size of intensive feed garden to establish are discrete decisions but are correlated to each other. That is, farmers make the decision to participate in the stallfeeding project and later make decisions on the number of cattle or the size of the feed garden. These The signs depend on the interaction of farm characteristics, institutional support, and the environment.
• The binary variables of 1 and 2 were used instead of I and 0 as suggested by Greene (1993) . When creating binary regressor variables, Greene suggests that they should not be " identical, or nearly so, to the dependent variable. b Singida was omitted to avoid perfect collinearity. c The four districts also reflect differences in ethnic origin.
decisions are made after acquiring additional information and gaining experience with the stall-feeding technology. Farmers who decide not to participate may lack the additional information and experience about the technology. Most of the information from research and extension is directed towards participating farmers. The inclusion of nonparticipating farmers in the second-stage equations would incorrectly assume that both decisions (i.e., participation and number of cattle and size of intensive feed garden to proved animals but not all participating farmers had intensive-feed gardens.
Data
Data for this study were obtained through a formal survey conducted by the primary author in four clusters in Central Tanzania during 1993. The clusters reflect the four basic agroclimatic conditions of the area and each cluster was ethnically homogeneous. First, a village that participated in the improved cattle stall-feeding project before 1990 was identified and acted as a nucleus for the survey. Then, two other nearby villages were identified, and the three villages formed a cluster. A total of 240 farmers (i.e., heads of farming households) was interviewed using a structured questionnaire; the sample from each cluster consisted of 20 farmers practising stall feeding, and 40 farmers who had not adopted the practice. Farmers were selected randomly, and the respondent was the household head. Six responses were not used in the analysis because of inconsistent responses.
The means for the sample households are summarised in Table 3 . Participating farmers had on average 2.3 improved cattle under stall-feeding management, and intensive feed gardens were limited to about half an acre. Major differences occurred across districts in the percentage of households growing bitter water melon, with relatively little emphasis on this in Kondoa. Female-headed households were relatively more common in Dodoma, and the percentage of household heads who were educated formally were relatively high in Singida. In terms of household resources, little difference occurred in the availability of household labour, but major differences occurred in the areas cultivated and numbers of indigenous (zebu type) cattle, with households in Mpwapwa having higher levels of both compared to the other districts. Although about 11% of all household heads had no contact with the extension service, in aggregate, major differences did not occur across areas. However, some differences existed between the areas in specific extension initiatives (e.g., attendance at fields in Dodoma was relatively low, as was seminar attendance in Kondoa).
Results and discussion

Participation in stall-feeding projects for improved cattle
The results from the probit model explaining the adoption of stall-feeding technologies for improved cattle correctly predicted 84.2% of the responses (Table 4) . The x 2 for the log likelihood test of the hypothesis that the regressors included in the model have zero influence on farmers' participation (i.e., (3i = 0) was significant at the 0.01 probability level. Thus, the hypothesis that the variables have no explanatory power was rejected.
The results suggest that variables relating to household head characteristics, resources possessed by household, and external influences all significantly influence participation in stall-feeding for improved cattle (Table 4) .
As anticipated, female-headed households were more likely to participate; the probability of female farmers participating was 27.5% higher than the probability for male farmers. In terms of household resources, an additional male child in the household increased the probability of participation by 5.2%. Female-headed households usually tend to be poor, and the availability of projects supporting the adoption of the stall-feeding technology gives them an opportunity to acquire assets and earn income. Male children are important in routine activities of feed collection, harvesting, transportation, and crop residue storage. Availability of male children helps ensure that the household has enough labour not only to feed stall-fed cattle, but also to facilitate the traditional, free-range, grazing system for zebu cattle. The children provide a major supervisory function by ensuring the herd gets enough feed and water. As anticipated, households cultivating larger acreages were less likely to participate in cattle stall feeding, because they had less need to look for alternative sources of income. An increase in one acre of land reduced the probability of participation by 1.7%.
Turning to external influences, the extension service had a significant impact on the probability of adopting the stall-feeding technology. Increasing the frequency and number of extension service seminars attended by the household head increased the probability of participation by 14.6% and 22.1 %, respec- 'Significant at 0.10 probability level, ' 'Significant at 0.05 level, * ' 'Significant at 0.01 level.
•The partial derivatives are in probability units.
tively, for one unit changes. Geographical location also is significant. Specifically, Mpwapwa farmers were more likely to participate in cattle stall feeding than Singida farmers; the probability was higher by 16.7%. Farmers in the Mpwapwa district have had greater exposure to, and experience with, cattle stall feeding than farmers in the other areas. The Livestock Production Research Institute (LPRI), located in Mpwapwa, supervises most of the seminars and farmer field days in the district. No differences occurred among the other three areas in terms of the probability of participating in the stall-feeding technology.
Adoption of bitter water melon for cattle feeding
The results for the probit model on the adoption of bitter water melon for cattle feeding are in Table   5 . The x 2 for the likelihood ratio test was significant at the 0.01 probability level. The model correctly predicted 81.2% of the farmers' adoption of the bitter water melon technology. The Mpwapwa binary variable was dropped from the model because all Mpwapwa farmers grow bitter water melon.
Once again, female-headed households (which tend to be poorer) had more limited access to alternative sources of feed and were therefore more likely to grow bitter water melon. The probability of growing bitter water melon was 25.0% higher for female farmers than for male fapners. An additional male child increase~ the probability of growing bitter water melon by. 6.2% because they are the principle sources of labour for harvesting and transporting bitter water melon.
In terms of other variables reflecting household resources, both area of land cultivated and number of indigenous cattle owned were statistically significant. 'Significant at 0.10 probability level, ' 'Significant at 0.05 level, ' ' *Significant at 0.01 level.
As the acres of cultivated land increased by one, the probability of growing water melon decreased by 2.1 %. Wealthier farmers had other means of accessing water and alternative sources of protein, so the importance of bitter water melon decreased. Ownership of indigenous cattle significantly increased the probability of growing bitter water melon by 0.4% per head of cattle increase. Bitter water melon serve as a source of water for calves and sick animals that can't travel long distances and have to be nursed near the homestead, especially during the dry season. With reference to extension, only household head attendance at seminars was statistically significant; an addition of one seminar increased the probability of growing bitter water melon by 20.8%. Most farmers' seminars conducted by the LPRI focus on the advantages and disadvantages of non-conventional animal feeds and bitter water melon as an alternative source of water and protein. Therefore, seminars are good sources of information on bitter water melon production.
In terms of geographical location, the results indicated that farmers in Dodoma and Kondoa were less likely to grow water melon than those in Singida district; the probabilities were lower by 21.3% and 54.6%, respectively. In these two areas, water availability is not a problem and land is more limiting compared to the Mpwapwa and Singida districts. As indicated above, all farmers in Mpwapwa grew bitter water melon.
Number of improved cattle raised under the stall-feeding system
The results for second stage estimation for the number of improved cattle under stall-feeding management are summarised in Table 6 . The R 2 for the bCalculated by the following formula: ¥, X t = [3k X f.
regression indicates that 59.7% of the vanatwn is explained by the regression equation. The F-statistic that tests the hypothesis that the variables included in the model have no influence on the number of improved cattle managed was rejected at the 0.01 probability level. The inverse mills ratio was not statistically significant, indicating that no significant nonlinear variables were omitted from the model. The results indicated that female headed households are likely to manage fewer cattle under the stall-feeding system, presumably because of their relative poverty and the substantial investments required in expanding such an enterprise. As far as labour available to the households is concerned, an increase in female adults by one increased the number of cattle raised under the stall-feeding system by 25.1 %. Female adults play an important role in implementing the stall-feeding technology because they have major responsibility for the milking, feeding, and watering of animals, stall cleaning, and sometimes feed collection. Thus, female adult labour is important in determining the number of improved cattle that can be managed under the stall-feeding system. In contrast, an increase in male adults and female children in the household by one reduced the number of improved cattle kept by 25.3% and 6.5%, respectively. Given that male adult labour is likely to be devoted to pursuits other than stall feeding of cattle, an increase in availability of such labour is likely to reduce the need or incentives for adopting such a labour-intensive technology. However, the negative relationship between female children and the number of improved cattle is difficult to rationalise.
In terms of external influences, extension input expressed as the number of farmer field days at-tended by a household head had a positive impact on the number of improved cattle kept. Interaction with other farmers at farmer field days may improve the familiarity and confidence with the stall-feeding technology, thus helping stimulate the farmers' to move from the tentative adoption stage to more enthusiastic adoption by increasing the number of improved cattle that are stall fed.
As far as geographical location, the results show that farmers in Dodoma, Mpwapwa, and Kondoa are more likely to keep more cattle than Singida farmers. This can be attributed to the relative lack of experience of farmers in the Singida area and differences in the availability of extension services. The stallfeeding technology was introduced initially in the Mpwapwa region and then later into the Dodoma and Kondoa areas. Farmers in these three areas have been exposed to the stall-feeding technology for longer periods than those in the Singida area. Also, the information flows have greater deficiencies in the Singida area, where the linkage between research and extension is particularly weak.
Size of intensive feed gardens
The results for the size of intensive feed gardens for participating farmers are summarised in Table 7 .
The x 2 for the log of the likelihood ratio test was significant at the 0.01 probability level. With reference to the characteristics of the household head, the only statistically significant variable was age. The results indicate that older farmers are more likely to adopt and have larger intensive feed gardens. An increase in age by 1 yr increased the probability of adopting the intensive feed garden technology by 0.7% or of an adopter expanding an existing one by 0.013 acres. These intensive feed gardens usually are grown near the homestead and are intended for dry-season feeding. Older farmers are likely to have limited labour supplies of male children for feed collection from other sources because the male children of older farmers are likely to be adults with their own families, thus precluding them from engaging in activities on their fathers' farms. Intensive feed gardens help ensure feed supply for older farmers' animals, especially during the dry season.
Although average land cultivated had a negative impact on the probability of participating in cattle stall feeding (Table 4) , it had a positive influence on the size of the intensive feed gardens. An increase in land cultivated by a participating farmer by 1 acre increased the total effect of growing an intensive feed garden by 0.025 acre and expanding an existing one by 0.029 acre. For farmers practising stall feeding but without an intensive feed garden, an increase of land cultivated by 1 acre increased the probability of establishing one by 1.5%. Competition for land between intensive feed gardens and other food crops is less on large farms, and, consequently, some land is allocated to the former.
In terms of geographical location, the results indicate that households in Singida are more likely to grow intensive-feed gardens than in the other areas. As indicated earlier, intensive feed gardens are for dry-season feeding. This food source is supplemented by crop residues. In Singida, competition for crop residues exists between improved stall-fed and indigenous zebu cattle. In addition, zebu cattle are kept fairly close to the villages, thus limiting the availability of crop residues for stall-fed cattle. Consequently, Singida farmers are likely to place relatively greater emphasis on intensive feed gardens for dry-season feeding than farmers in the other areas where sizes of farms were larger and/or the number of indigenous cattle raised was lower.
Somewhat surprisingly perhaps, an increase in the intensity of extension service use reduced the total effect of participating farmers to grow intensive feed gardens by 0.122 acres and reduced the size of those in existence by 0.143 acres. An increase in the intensity of extension service use also reduced the probability of farmers establishing an intensive feed garden by 7.4%. This indicates a possible conflict in the messages conveyed to farmers by research and extension personnel. Most extension messages or impact points that are used in the current extension system focus on harvesting and storing crop residues for dry season feeding. The research messages (i.e., by LPRI) focus on intensive feed gardens to improve the quality of feed during the dry season. Both messages are important and necessary for improving the quantity and quality of feed available to the animals during the dry season. However, because extension personnel are often in closer contact with farmers, the LPRI messages may be overshadowed by the extension messages. 
Summary: and recommendations
In summary, this study shows that the stall-feeding technology appears to be particularly attractive to households with fewer resources, particularly those that are female-headed. Wealthier farmers, as measured by area of land cultivated, were less likely to adopt this technology. However, availability of household labour is found to be important in determining the degree to which the technology and associated management practices were adopted. Households with more male children are likely to adopt the stall-feeding technology and also grow bitter water melon. At the same time, a significant positive relationship occurred between the number of female adults and the number of stall-fed cattle. Because of the availability of other income-earning opportunities, increased availability of male adults has a negative impact on the number of stall-fed cattle. Age of the household head has a positive impact on the size of the intensive feed gardens, as does the area of land cultivated by the household.
Different measures of extension-related contact are significant in influencing the potential for adopting stall-feeding technology, the number of stall-fed cattle raised, the probability of growing water melon, and the size of intensive feed gardens. With the exception of the effect of frequency of extension contact on the size of the intensive feed gardens, the relationships are positive.
In terms of geographical location, all the models showing the popularity of the stall-feeding technology and its associated practices indicated that the Mpwapwa area was either the same or more inclined to their adoption than the other three areas. This is perhaps not surprising, given the proximity of LPRI and the fact that the technology was introduced first in that area.
The results of the study have at least three interesting and important implications. The first is that the cattle stall-feeding technology appears to be particularly attractive to the more disadvantaged households, thus helping to positively address inequitability issues including those relating to gender. The other two go beyond the scope of this paper, but the results indirectly imply that the stall-feeding technology is likely to have positive impacts. The first relates to a potential improvement in the nutritional status of disadvantaged households adopting the st~ll-feeding technoiogy. Circumstantial evidence presented elsewhere provides some support for this assertion (Kaliba, 1995) . The second relates to the ecological sustainability issue. Poverty commonly has been shown to contribute to ecological degeneration in areas where the population densities are higher than the carrying capacity of land (World Bank, 1992) . In helping the disadvantaged, the stallfeeding technology is providing a means for improving the productivity and hence welfare of such households while at the same time potentially helping to ensure ecological sustainability. Identifying such strategies is critically important in many ecologically fragile areas (Norman and Douglas, 1994) . The degree to which the stall-feeding technology can become such a strategy is not known, but the signs are promising.
The major implication arising from the results of this study is that efforts to encourage the adoption of the labour-intensive technology of cattle stall-feeding should be directed towards the more disadvantaged households in the study area, namely those that are female headed, that have small areas of cultivated land, and that have adequate household labour in the form of male children and female adults. Varied extension approaches, including farmer-farmer contact via farmer field days, appear to be justified to stimulate and nurture the adoption process. However, better coordination between research and extension seems to be needed to facilitate the development of relevant technology and the dissemination of consistent extension messages.
The potential of the stall-feeding technology to increase agricultural productivity, while simultaneously ensuring ecological sustainability, needs to be verified and encouraged through research and extension activities that seek to better integrate crop and livestock production in the area. In addition, few data are currently available on the input-output components and relationships in the stall-feeding technology. Analysis of detailed records of feeding rations, milk production, and other factors could be very useful for improving the efficiency of the stallfeeding technology, in identifying priorities for further research, and in fine-tuning extension recommendations. Such types of records also could help verify the nutritional benefits households derive from adopting the stall-feeding technology and provide insights into designing relevant strategies for sustainable livestock development in Central Tanzania.
